Photon stimulated ion desorption (PSID) from condensed carbon dioxide has been studied for photon excitation energies ranging from 93 to 193 eV. PSID studies have been performed at the Brazilian synchrotron light source (LNLS), Campinas, during a multi-bunch operation mode of the storage ring. The results showed that after photon excitation several ions desorbed from the CO 2 films: C + , O + , CO + and O + 2 . PSID experiments showed that ion desorption was enhanced only at the Si resonance excitations. When the thickness of the CO 2 was ∼ 500 L or higher, almost no desorption yield was observed. The study of the dependence of the relative partial ion yield on the photon excitation showed that the X-ray induced Electron Stimulated Desorption (XESD) mechanism has to be invoked to explain the origin of the desorbed ions in the energy region studied.
I. INTRODUCTION
The study of desorption processes by photon and electron impact of adsorbed molecules has become a very active field in recent years due to its relevance in a number of different areas, such as polymerization, microelectronic, photobiology, interstellar chemistry, etc. Thus, an increasing number of studies related with the so-called DIET (Desorption Induced by Electronic Transitions) processes have been reported [1] . Specifically, the interaction of CO 2 with metal surfaces and CO 2 multilayers has received much attention due to the possibility if its use as an inexpensive reactant in methanation reactions [2] . In the case of interstellar chemistry, the suggested presence of pure CO 2 ice on Mars could modify the prediction of the loss of its atmosphere due to solar wind-induced sputtering. These photon and electron driven reactions of CO 2 ice were also used to explain the presence of formaldehyde in Mars atmosphere, formed by complex reactions involving CO 2 and H 2 O [3] . Anashin V. et al. [4] studied the photodesorption process of cryosorbed CO 2 molecules with synchrotron radiation. The substrate was a stainless steel plate and the excitation energy was about 280 eV. The obtained results showed that the photodesorption yield of CO 2 molecules increases with coverage and that the desorption process for condensed CO 2 involves mostly cracking of CO 2 molecules into CO and O. In addition, the desorption rate is constant and independent of the surface coverage.
Within this broad range of interests, there are also many recent studies which try to understand the basic mechanisms of metastable and ion desorption from solid CO 2 using electrons, lasers and synchrotron radiation (SR) as excitation sources. In this paper, an investigation of photon stimulated ion desorption (PSID) of condensed CO 2 on Si(100) substrate has been performed with the purpose of getting insight into the mechanisms of ion desorption from pure solid CO 2 .
In the present study we carried out PSID studies of thick CO 2 films in the energy range from 93 to 193 eV. The obtained results can be explained mainly by the X-ray induced electron stimulated desorption mechanism (XESD).
II. EXPERIMENTAL
Ionic desorption experiments were performed at the TGM (Toroidal Grating Monochromator) beam line of the Brazilian Synchrotron Light Source (LNLS), Campinas, Brazil, which covers a photon energy range from 12 to 310 eV. The photon flux was up to 10 13 photons/s and the photon spot size was about 2 x 0.5 mm 2 . The angle of the SR, operating in the multi-bunch mode, with respect to the surface normal was 60 degrees [5] . The results presented here correspond only to the energy range between 93 and 193 eV (2p and 2s Si excitations). The experiments were carried out in an ultra-high vacuum system (base pressure ∼5 x 10 −9 Torr), equipped with a ceratron multiplier as detector and a liquid N 2 cryostat for sample cooling. The samples were prepared by exposing the Si (100) substrate at ∼85 K to several hundred L of CO 2 (1 L = 1 x 10 −6 Torr.s). The sample holder was attached to a couple of 5 mm Cu rods (OFHC) connected directly to the bottom of the cryostat. The temperature was monitored using a K-type thermocouple attached to the back of the Si substrate. The Si substrate was set at about 1 cm from the bottom of the liquid N 2 reservoir to obtain the lowest temperature possible.
The time-of-flight technique (ToF) was used for the identification of the ions desorbed after photon excitation. The ions were extracted by a pulsed potential of + 480 V, with 1 µs pulse width and a recurring cycle of 10 kHz. The distance between the substrate surface and the entrance of the detector was 11.5 cm. The output signal of the detector was processed as usual by pulse counting and recorded by a TDC (time-todigital converter) with a maximum resolution of 1ns/channel. Fig. 1 shows a schematic diagram of the experimental set up used for the PSID studies at LNLS.
The mass assignment was done by using a similar procedure described in detail elsewhere [6, 7] . Briefly, the ion flight 
where ToF is the flight time of a given ion, m the mass for single charged ions, and A and B empirical constants that have to be calculated by measuring the flight time of at least two known masses. The photoabsorption spectrum was recorded by measuring the Relative Partial Electron Yield (RPEY) simultaneously with a photon flux monitor (Au grid). The final data was normalized by this flux spectrum to correct for fluctuations in beam intensity. The energy calibration was performed by using the value for the L 2,3 transition of silicon [8] . Fig. 2 shows the dependence of the XAS (X-ray absorption spectroscopy) spectra of solid CO 2 recorded at the Si Ledge (2s and 2p). The photon energy covers from 93 up to 193 eV. The coverage ranges from 0 to 1100 Langmuir. The spectrum shows two main absorption peaks which are related to the L absorption edge of Si(100) (2p and 2s excitations). Figure 2 shows also that the intensity of the absorption lines corresponding to Si 2p and 2s excitations decreases when the number of layers of CO 2 increases. At 500 L, the features associated with the Si substrate almost disappear. Figure 3 shows a typical ToF spectrum of condensed CO 2 at the Si 2p excitation energy (101 eV). As can be seen in Fig. 3 , several ions desorbed after photon excitation. The presence of H + can not be observed in the ToF spectrum due to the noise produced by the pulsed extraction potential (intense signal to the left of Fig. 3) . H + has a calculated ToF lower than 1 µs and therefore its signal overlaps with the intense signal of the extraction pulse.
III. RESULTS AND DISCUSSION
In order to gain insight into the ionic desorption process from condensed CO 2 , we have measured ToF spectra at different photon energies around the Si L-edge. The photon energy dependence of the relative partial ion yield (RPIY) from 1.0x10 -9
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Si ( condensed CO 2 on the excitation energy is shown in Figure  4 . The RPIY was calculated with respect to the total ion yield (TIY) in the range 93 -193 eV. The TIY is the sum of all ion yields measured between 93 and 193 eV. As can be seen in Fig. 4 , outside the silicon resonant excitation region almost no desorption can be observed. Therefore, this RPIY is a measurement of the contribution to the ion desorption yield from secondary electrons originated after photon excitation. In the PSID model of Knotek and Feibelman [9, 10] , the multiple holes formed in the valence orbitals are created via intra-atomic or inter-atomic Auger transitions following corelevel excitation of adsorbate molecules. This is the well known Auger Stimulated Ion Desorption (ASID) mechanism that was studied extensively for molecules adsorbed or condensed on surfaces [11] [12] [13] as well as polymers [14] [15] [16] [17] [18] . In addition to such a direct process another (indirect) process, X-ray induced electron stimulated desorption (XESD) [19, 20] is an important mechanism for desorption of species from a surface when no direct excitation of the top monolayers is produced. In the XESD mechanism, desorption of surface species is caused by outgoing energetic Auger and photoelectrons, most of which will originate in the bulk. The fragmentation and desorption process by XESD may go via single and multiple valence excitations and ionizations. Chen et al. [21] have studied the relative contribution of each desorption channel (AES vs. XESD) to the total desorption yield and have obtained important information about the desorption mechanisms of CHCl 3 adsorbed on Si(100) at the silicon 2p-edge. Recently, PSID results at the silicon and chlorine 1s-edges from condensed chloroform on Si(100) [22] also pointed out to the importance of the XESD process. The results presented in Fig. 4 showed that the ionic desorption from condensed CO 2 occurs mainly at the energies corresponding to the excitation of the Si substrate (2p, 2s) .
Therefore, the results presented in Fig. 4 can be well explained in terms of the indirect desorption process, the XESD mechanism, i.e., desorption of surface species induced by outgoing energetic photoelectrons and Auger eletrons, most of which originated in the bulk. Photoelectron and Auger yields are higher at the Si excitation energies and therefore an increase of the RPIY is accordingly observed at these photon energies.
IV. CONCLUSIONS
PSID studies of condensed CO 2 films were reported using synchrotron radiation ranging from 93 to 193 eV. The results showed that C + , O + , CO + and O + 2 were the main fragments desorbed after photon excitation. The observed relative ion yields can be interpreted taking into account the XESD mechanism. The RPIY is higher at 2p and 2s excitation energies of Si, where the yield of secondary photoelectrons and Auger electrons is maximum.
